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HOlinailOKS  or  IK  troy  MHMD  FM  IK  ESnMIKKt  OF 
ummoxKonKons  w turn 


A procedure  evolved  from  modificati'^ns  of  cxiiting  technics  for  the  esUmatioB 
of  total  17-hydroxycortico!ds  in  blood  has  been  described.  The  precision  of  the  method 
based  on  the  averane  difference  between  95  s^U  of  duplicates  indicateu  a standard 
deviation  of  5.48  and  a coefficient  of  variation  of  10.38  percent.  Essentially,  quan- 
titative recoveries  (mean,  98  percent)  were  obtained  by  adiiniy  hydrocortisone  to 
protein-free  plasma  filtrates;  relatively  poor  recoveries  (mean,  65  percent)  resulted 
from  addition  of  hydrocortisone  to  untreated  plasma  samples.  A range  of  9 to  82 
tamma  percent  was  found  in  a series  of  52  subjects,  with  a mean  of  41.2  gamma 
percent. 


In  1950,  Porter  and  Silber  (1)  described  a 
quantitative  color  reaction  for  17, 21-dihydroxy- 
20-ketO8teroids.  From  this  development,  a wide 
variety  of  procedures  for  the  determination  of 
plasma  and  urinary  corticosteroids  has  evolved. 
Essentially,  all  such  procedures  involve  three 
phases;  extraction,  purification,  and  colori- 
metric evaluation.  Borth  (2)  recently  presented 
a critical  review  of  urinary  methods  in  use  at 
the  present  time.  Methods  for  the  determina- 
tion of  blood  corticoids  have  been  reviewed  by 
Gold  (8). 

Alterations  in  plasms  steroid  levels  appear 
more  meaningful  than  urinary  steroid  changes 
in  providing  a quantitative  interpretation  of 
adrenocortical  function  in  man.  Blood  studies 
have  considered  primarily  the  free  (uncon- 
jugated) steroids  in  peripheral  blood. 

In  the  search  for  a more  definitive  reflection 
of  the  rate  of  adrenocortical  secretion,  Reddy 
et  al.  (4)  developed  a butanol  extraction  pro- 
cedure for  the  determination  of  plasma  total 
17-hydroxycorticoids  (17-OHCS).  These  work- 
ers considered  the  term  "total”  justified  on  the 
following  bases:  (a)  the  earlier  use  of  butanol 
for  the  extraction  of  water-soluble  conjugated 
estrogens  and  17-ketosteroids  <5) ; (b)  the 
spectral  curve  similarities  obtained  between 
known  and  unknown  extracts  when  using  the 
relatively  specific  Porter-Silber  reaction  (4); 
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and  (c)  the  correlation  of  steroid  secretion  and 
excretion  rates  with  known  states  of  adrenal 
cortical  function  (4,6).  The  method  devised 
by  Reddy  included  steroid  extraction  fro.m 
plasma  with  butanol  and  sodium  sulfate;  puri- 
fication with  sodium  carbonate;  evaporation  of 
the  solvent ; and  color  development  with  a sul- 
furic acid-ethyl  alcohol-phenylhydrazine  rea- 
gent. 

The  need  for  10  ml.  of  plasma  in  the  Reddy 
method  led  other  investigators  (6)  to  develop 
a micremethod  for  total  17-OHCS.  Utilizing 
5 ml.  of  plasm,',  per  assay,  these  workers  re- 
ported values  that  were  not  substantially  dif- 
ferent from  those  found  by  the  Reddy  technic. 

When  work  was  undertaken  in  this  labora- 
tory to  incorporate  the  determination  of  blood 
17-OHCS  in  a current  study  on  physiologic 
changes  evidenced  by  aircrew  personnel,  several 
technical  difficulties  were  encountered.  This 
paper  is  concerned  with  these  problems  and  a 
determination  method  based  on  their  solution. 

TECHNICAL  CONSIDERATIONS 
Protein  precipitatkm 

Difficulty  was  encountered  in  initial  attempts 
to  duplicate  the  micromethod  of  Brancaccio  et 
al.  (6).  Values  averaging  10  gamma  percent 
were  obb'ined,  in  contrast  to  a mean  of  34  gam- 
ma percent  reported  by  the  Italian  workers. 
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TABLET 

Comparison  of  17 -hydroxy corticoid  extraction  and  purification  procedures 


lO-min.  extraction  10-min.  extraction  5-min.  extraction 

with  butanol  with  butanol  with  butanol 


Ssiapla 

Na 

6-min. 

purification 

10-sec. 

purification 

6-min. 

purification 

Rsan* 

S.D. 

Mean* 

S.D. 

Mean* 

S.D. 

1 

66.e 

6.2 

20.6 

4.3 

49.4 

6.5 

2 

46.6 

7.7 

21.2 

5.2 

45.6 

9.0 

S 

61.6 

8.8 

28.9 

3.8 

54.5 

7.7 

4 

54.2 

9.8 

46.9 

6.3 

6 

57.t 

5.3 

31.5 

18.9 

*!!«•«  Qf  4 icttrmiaatioai.  «xpr«M«d  in  tamma  p*iT«at. 


Only  after  incorporating  a stepwise,  thorough 
mixing  of  plasma  with  the  protein-precipitating 
reagents  were  acceptable  values  obtained.  The 
technic  employed  is  described  in  detail  later  in 
this  paper. 


Steroid  extraetioa 

In  an  attempt  to  achieve  maximal  extra^dion 
of  blood  steroids  into  butanol,  a comparison  was 
made  between  the  conventional  5-minute  ex- 
traction period  and  a 10-minute  period.  Tlie 
longer  period  produced  slightly  higher  steroid 
values  (table  I)  and,  for  this  reason,  has  leen 
incorporated  in  the  procedure  used  in  this 
laboratory.  Extraction  periods  longer  than  10 
minutes  produced  no  increase  in  steroid  values. 


Extract  parifkatlon 

To  remove  nonsp'wific  chromogens,  Reddy 
et  al.  (4)  added  anhydrous  sodium  carbonate 
to  the  butanol  extract,  and  the  mixture  was 
"thorouidily  shaken.”  Brancaccio  et  al.  (6) 
incorporated  an  apparently  arbitrary  penod  of 
5 minutes  for  shining  the  extract.  To  clarify 
requirements  for  purification,  a comparison 
was  made  between  the  use  of  a 5-minute  me- 
chanical shake  of  the  carbonate-treated  butanol 
extract  and  a vi^rous  10-second  digital  shake. 
The  6-minute  shaking  period  proved  to  be  the 
more  effective  procedure  (table  I).  Shaking 
in  excess  of  5 minutes  did  not  provide  ^uldition- 
al  purification. 
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Drying  of  extract 

Brancacci't  et  al.  (6)  stated  that  the  butanol 
extract  was  dried  in  a “tube”  at  80°  to  85°  C., 
while  Reddy  et  al.  (4)  recommended  drying 
in  an  Erlenmeyer  flask  suspended  in  a 90°  to 
96°  C.  water  bath.  Efforts  with  these  evapora- 
tion technics  proved  either  unsuccessful  or  ex- 
cessively time-consuming.  Dryness  could  not 
be  achieved  without  complicated  aspiration  ap- 
paratus to  compensate  for  reflux  tendencies. 
Use  was  then  made  of  ground  glass  - rimmed 
weighing  bottles,  50  mm.  high  and  40  mm.  in 
diameter.  By  a technic  described  later  in  this 
report,  21  samples  can  be  dried  together  in  17 
to  22  minutes.  Subsequent  incubation  of  these 
samples  was  carried  out  in  the  same  bottles, 
thus  affording  greater  accuracy  as  well  as 
simplified  methodology. 

Additional  experiments  proved  that  temper- 
atures as  low  as  60°  C.  produced  mean  values 
virtually  identical  to  those  for  85°  to  87°  C. 
and  80°  to  82’  C.  (tabh  II).  The  80’  to  82° 
C.  range  was  employed  because  of  the  better 
duplication  of  values  obtained  on  replicates 
dried  at  that  temperature. 

Sample  storage 

Since  a complete  assay  run  of  16  unknowns, 
2 standards,  and  2 blanks  required  approximate- 
ly 6 hou'^s,  it  was  desirable  to  determine  if  the 
samples  could  be  processed  to  the  protein-free 
filtrate  (PFF)  stage,  then  frozen,  and  the  de- 
tenninatiop  completed  later.  Two  complete  a.v 
.say  runs  could  then  be  completed  from  the  PFF 
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TABT.K  II 


Effect  of  temperature  in  the  evaporaHon  of 
butanol  extracts  of  IT-kydroxyeorticovds 


Temperature 
(•  C.) 

Time  for 
evaporation 
(min.) 

17-hydroxycorti«'oids 

Mean* 

S.D. 

65*-07* 

8-10 

33.5 

0.6 

86*-87* 

14-1/1 

47.0 

6.9 

80*~82» 

17-22 

46.6 

2.9 

'Mean  of  S dotorntliwtioBa,  «pr«M«d  In  t*niaia  ponont. 


state  in  a single  working  day.  Although  slight- 
ly higher  levels  were  obtained  from  &n  uninter- 
rupted plasma  assay  (table  III),  the  greater 
convenience  associated  with  freezing  at  the 
PFF  state  warranted  its  incorporation  in  the 
routine  analysis  of  large  numbers  of  blood 
samples. 

Plasma  versus  serum 

In  associated  blood  electrolyte  studies,  the 
use  of  serum  was  advantageous.  A 'omparative 
study  of  steroid  levels  in  plasma  and  serum 
revealed  no  systematic  differences  (table  FV). 

REAGENTS 

It  is  mandatory  that  reagents  of  highest 
grade  be  employed  in  this  procedure.  Inferior 
grade  or  contaminated  lots  of  butyl  alcohol, 
sulfuric  acid,  ethyl  alcohol,  or  phenylhydrazine 
produce  excessively  high  blanks  and  erratic 
standard  cur/«»s.  The  reagents  listed  jn  this 
paper  hav-.-  proved  satisfactory  wh?;i  purified 
and  utilized  as  indicated. 

1.  7, me  sulfate,  10  percent.  Dissolve  100  tfin.  of 
ZnSO,  .'HiO  (Tvagent  frmde)  in  distilled  water  and 
with  vhtei  to  1,000  ml.  in  a volumetric  flask. 

!.  Sodium  hydroxide,  0.6  nonnal.  Dissolve  20  jrm. 
of  IfaOH  (U.S.P.  pellets)  in  distilled  water  and  dilute 
with  water  to  1,000  ml.  in  a volumetric  flask. 

3.  Sulfuric  acid,  60  peteent.  Add  100  ml.  of  con- 
centr.itcd  HiSO.  (Fisher  reayent  grade)  to  100  ml.  of 
disUlIrd  water. 

■t.  Sodium  sulfate,  anhydrous,  granular  (reagent 
gmie). 


TABLE  III 


Effect  of  freezing  protein-free  plasrna  filtrates 


17-hydroxycorticoids 

Sample  Vo. 

(gamma  percent) 

Plasma* 

PFFt 

1 

67.4 

76.0 

2 

68.6 

60.0 

8 

61.2 

63.6 

4 

89.6 

27.0 

6 

37.6 

31.2 

6 

18.8 

14.5 

7 

27.0 

31.2 

8 

86.2 

79.6 

9 

72.8 

68 

Mean 

62.7 

49.9 

‘Complete  oaeey  woe 

garrted  -Kit  on  tr*»h  plMtiM 

tAseojr  wot  con'M  ovt  oo  (nth  phtmo  to  step  S of  estroftloa 

fUmw).  tli*n  fUtrst*  frocm  sod 

ateor  completed  aesrt  later. 

TABLE  IV 

Comparison  of 

1 7 -hydroxy  corticoid 

levels  in 

plastna  and  serum 

1 7-hydroxycorticoids 

Sample  No. 

(gamma  percent) 

Plasma 

Serum 

1 

62.2 

50.0 

2 

34.0 

41.0 

8 

46.6 

47.6 

4 

509 

50.0 

5 

31.8 

36.2 

6 

72.8 

72.8 

7 

64.6 

6.7  2 

Mean 

48.7 

49.9 

ri.  n-Butyl  alcohol  (Mallinckrodt  analytic  reagent 
grai4e).  This  '’eager t is  purified  according  to  a pro- 
cedure described  by  Reddy  (7). 

Si-dium  carbonate,  anhydrous  (reage.it  grade). 

a^thyl  alcohol  (absolute  pure  IStOH,  U.  S.  In- 
dv?tr:  < (Hiemicais  Ck>.).  Redistill  before  use. 

8.  Sulfuric  acid,  62  percent.  Add  620  ml.  of  eon- 
cenlmted  H,SO,  (Fisher  reagent  grade)  to  380  ral. 
of  distilled  water. 

9.  Phenylhydrasine  hydrochloride  (Baker’s  puri- 
fied). This  "eegent  is  purified  according  to  the  pro- 
cedure desc.ribcd  by  Peterson  et  al.  (8). 

10.  Phenylbydraxine  reagent.  To  6 mL  of  62  per- 
cent sulfuric  acid  is  added  87.6  mg.  of  pherylhydrasine 


Iiydroebloride.  This  nagent  is  prepared  fresh  before 
each  use. 

11.  Blank  reagent  Four  parts  of  62  percent  suI* 
furie  acid  are  added  to  one  part  of  ethyl  alcohol. 

12.  Hydrocortisone  standard.  Ten  mg.  of  hydro- 
cortisone is  dissolred  in  100  ml.  of  n-butyl  alcohol. 
This  stock  solution  remains  stable  for  at  least  6 months 
in  the  refrigerator.  A dilute  woricing  standard  is  pre- 
pared by  diluting  2 ml.  of  the  stock  solution  to  100 
mL  with  n-butyl  alcohol  (2  gamma  per  milliliter). 

PROCEDURE 

Extraction 

1.  To  6 ml.  of  plasma  or  serum  in  a 16  ml. 
STOund  glass-stoppered  centrifuge  tube,  1.0 
ml.  of  10  percent  ZnSO^  is  added.  The  mixture 
is  shaken  vigorously  for  30  seconds,  and  an 
additional  1.5  ml.  of  ZnSO«  solution  is  added. 
The  mixture  is  again  shaken  vigorously  for 
30  seconds.  An  identical  additive  procedure 
is  carried  out  with  2.5  ml.  of  0.5  normal  NaOH. 

2.  After  centrifugation  for  30  minutes  at 
2,500  r.p.m.,  the  supernate  is  decant  ?d  into  an- 
other tube  and  recentrifuged  for  10  minutes  at 
2,500  .-.p.m.‘ 

3.  The  supernate  is  decanted  into  a 25  ml. 
ground  glass-stoppered  tube^  containing  3 
drops  of  60  percent  H3SO4.  (If  it  is  necessary  to 
interrupt  the  procedure,  the  sample  may  be 
frozen  at  this  point.)  Two  grams  -A  sodium 
sulfate  are  added,  and  the  tube  is  shaken 
vigorously  until  the  NatSO«  has  dissolved. 

4.  Five  m).  of  n-butyl  alcohol  are  then  add- 
ed, and  the  mixture  is  agitated  at  maximal 
speed  on  a mechanical  shaker*  for  10  minutes. 

6.  After  centrifugation  for  10  minutes  at 
2,600  r.p.m.,  as  much  of  the  butanol  supernate 
as  possible  is  transferred  to  a 16  ml.  ground 
^ass-st(HH>ered  centrifuge  tube.  (Delicate  con- 
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trol  of  aspiration  is  effectec  by  the  use  of 
a fixed  20  ml.  syringe  attache.'  by  rubber  tub- 
ing to  a 5 mi.  pipette.) 

Purification 

1.  To  the  butanol  extract  is  ..idded  0.15  gm. 
of  sodium  carbonate,  and  the  tube  is  agitated 
at  high  speed  on  the  mechanical  shaker  for 
5 minutes. 

2.  The  mixture  is  allowed  to  stand  for  5 
minutes  and  is  then  centrifuged  for  5 minutes 
at  2,500  r.p.m.  A 4 ml.  portion  of  the  extract 
is  transferred  into  a weighing  bottle. 

3.  The  contents  of  21  of  these  bottles  are 
then  dried  simultaneously  in  the  following  man- 
ner: 

By  use  of  an  electric  hot  plate,  water  in  a 
round,  stainless  steel  pan  (12Vt  inches  upper 
inside  diameter,  9 inches  lower  inside  diameter, 
5 inches  depth)  is  maintained  at  80°  to  82°  C. 
A sheet  metal  cover^  of  two  circular  layers, 
held  l>/g  inches  apart  by  metal  screws,  is 
placed  on  the  pan.  The  upper  layer,  the  rim 
of  which  fits  flush  against  the  flange  of  the 
pan,  is  14%  inches  in  diameter  and  contains 
22  holes,  each  1%  inches  in  diameter,  'fhe 
lower  circular  layer,  12  inches  in  diameter,  con- 
tains 22  holes  (1  inch  in  diameter)  situated 
directly  under  the  larger  holes  of  the  upper 
layer.  A seal  to  the  pan  is  afforded  by  rubber 
tubing  fitted  around  the  rim  of  the  lower 
layer.  Weighing  bottles,  placed  in  each  of  21 
upper  holes,  completely  cover  the  lower  holes. 
A thermometer  is  placed  in  the  other  opening. 
Water  level  is  maintained  just  below  the  base 
of  the  weighing  bottles. 

The  entire  setup  is  placed  in  a closed  hood, 
with  the  hood  fan  operating  throughout  the 
drying  period.  A small  household  fan,  located 
in  a corner  of  the  hood,  is  turned  on  after  the 
bottles  have  been  on  the  water  bath  for  a 4- 
minute  period.  Air  from  the  fan  is  directed 
over  different  groups  of  bottles  by  rotating  the 
pan  a quarter-turn  each  4 minutes.  This  equip- 
ment is  illustrated  in  figure  1. 


F.  V.  SAV  IUaMrc»:  glinpg. 


4 


'1  ' ‘ ■,*’ 
V-;- 

.1.  * 

i ■ ' 

'i  • 

Colmiaictry 


FIGURE  1 

tlquijment  utilised  for  evaporution  c!  butauoL 


1.  Whc:n  evapormticm  is  complete,  2.5  ml.  of 
the  blank  reagent  are  added  directly  to  each 
weighing  bottle,  and  ground  glass-stoppers  are 
inserted.  The  contents  are  mixed  thoroughly 
by  digital  rotation  of  the  bottles. 

2.  The  bottle',  are  placed  in  a water  bath 
at  60°  C.  for  20  minut's,  then  cooled  in  running 
tap  water  for  6 minutes. 

8.  The  content  of  each  bottle  is  pipetted 
into  a 10  mm.  Corex  cuvette  and  ijad  in  a 


Beckman  DU  spect'ophotometer  at  a wave 
length  of  410  m^,  against  a water  blank. 


4.  Then  0.1  ml.  of  phenylhydrazine  reagent 
is  added  to  each  bottle,  the  cuvette  content  re* 
turned  thereto,  and  the  bottles  reincubated  at 
60°  C.  for  20  minutes.  They  are  again  cooled, 
the  contents  poured  into  the  same  cuvettes  as 
before,  and  a second  reading  made  at  410  oip, 
against  a wat',:r  blank.  With  meticulous  care, 
the  required  transfer  of  samples  between  bottles 
and  cuvettes  can  be  carried  out  without  loss 
of  fluid. 
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S.  In  esch  routine  ^lysis  of  16  pUunna 
samples,  two  5 m).  aliquots  of  dictiUed  water 
are  carried  through  the  entire  procedure  to 
serve  as  reagent  blanks,  and  two  5 ml.  samples 
of  butanol  containirg  2 gamma  and  4 gamma 
of  hydrocortisone,  r^^^pectively,  serve  as  stand- 
ards.' 

CmUMlatioM 

A = nadiag  after  pbenylhydrutiiic  addition. 

B = reading  before  phenylbydratine  addition. 

a = A — B (saaple). 

b = A — B (atandard). 

c = A — B (reagent  blank). 

a — e = eorreeted  optical  densitp  <O.O.u.)  of  the 
unknown  aample. 

b — e = C.O.D.  of  itandard  (then  equated  to  1 
ganuna). 

Gamma  of  bonnonc  preient  in  100  ml.  of 
(XO.D.  aample 

plaama  X 26. 

C.O.D.  standard 

Sampls  eulemUtion: 

R*agriU 

SmmpU  (U  gamma)  hUmk 

A .191  A .049  A .030 

B .160  B .017  B J)14 

a .041  b .082  c .016 

a — c = .041  — .016  = .025  C.O.D.  aample 

b - c = .032  - .016  = .016 

.016  -i-  1.6  = .010  C.O.D.  atandard 

.025 

X 26  = 62A  gamma  percent 

.010 

RESULTS  AND  DBCUSSION 
Standard  ewe 

Figure  2 illustrates  a representative  standard 
curve  obtained  witli  hydrocortisone  as  reference 
standard.  The  results  conformed  to  the  Beer- 
Lambert  Law. 
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nCUBE  2 

A topical  $tandard  curve  ekoving  the  relaticn  be- 
tween inteneitv  of  color  and  quantity  of  t7-kydroxy- 
corticoidt. 

Precision 

1110  precision  of  the  method  based  on  the 
average  difference  between  95  sets  of  duplicates 
indicated  a standard  deviation  of  5.48  and  a co- 
efficient of  variation  of  J0.38  percent. 

Recoveries 

Recovery  studies  were  carried  out  by  adding 
known  amounts  of  hydrocortisone  in  water 
either  to  plasma  PFF  or  to  untreated  plasma 
samples.  Table  V shows  that,  although  es- 
sentially quantitative  recoveries  (mean,  98  per- 
cent) were  obtained  by  adding  standard  hydro- 
cortisone at  the  PFF  stage,  relatively  poor  re- 
coveries (mean,  65  percent)  resulted  from  ad- 
dition of  hydrocortisone  to  plasma.* 


*WlMa  Mneiiata  of  h/CracortiaoM  4lnal*o4  hi  Wtonol 

«tr«  a4M  to  Uw  »ntoi».frto  filtroto  f«  su»  4 of  tlw  oxUsetio* 
foocoCoro.  nil  Holly  Uw  mow  rwoiortoo  w«ro  obtofai»4  aa  fona4 
wbaa  Uw  vator  lalaHoa  of  ky4rocaftiaoo«  waa  a4M  to  Iba  m. 
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TABLE  V 

Recovery  of  hydrocortisone  (compound  F)  added  to  plasma  or 

plasma  extracts 


Sample 

No. 

F present 
in  (ample* 

F added 
to  plasma 

F added  to 
protein-free 
fUtrate 

F found* 

F 

recorered 

(percent) 

(gemma) 

1 

2.06 

2.0 

0 

2M 

61 

2 

2.66 

4.0 

0 

4.70 

71 

8 

2.66 

6.0 

0 

6.10 

69 

4 

2.27 

2.0 

0 

3.04 

71 

6 

2.27 

4.0 

0 

4.82 

69 

« 

2.27 

6.0 

0 

4.82 

68 

7 

8.38 

0 

2.0 

6.46 

101 

8 

8.88 

0 

4.0 

7.28 

99 

• 

3.38 

0 

6.0 

8.86 

89 

10 

2S0 

0 

2.0 

AM 

100 

11 

2J0 

0 

4.0 

6.66 

98 

12 

2A0 

0 

6.0 

8.70 

99 

*>Mh  **1m  aria  «(  t irtoahattoa. 


TABLE  VI 

Plasma  levels  of  total  17-hydroxycorticoids  in  young  adult  males 

sampled  at  8 a.m. 


Subject 

No. 

17-OHCS 
(gamma  percent) 

Subject 

No. 

17-OHCS 
(gamma  percent) 

Subject 

Na 

n-OEOi 
(gauma  percent) 

1 

32.2 

19 

18.8 

87 

81S 

2 

88.2 

20 

66S 

38 

41.0 

8 

31.0 

21 

60.0 

39 

41.0 

4 

22.0 

22 

79.2 

40 

S7S 

6 

32.2 

23 

41.8 

41 

80.0 

6 

26.6 

24 

27.0 

42 

60.0 

7 

2041 

26 

70S 

43 

72S 

8 

22.0 

26 

60.0 

44 

68S 

9 

29.2 

27 

27.4 

46 

SIS 

10 

27.0 

28 

29S 

46 

38S 

11 

64.8 

29 

60.6 

47 

46S 

12 

89.6 

30 

72S 

48 

28S 

18 

31.2 

3! 

66S 

49 

46.0 

14 

31.2 

32 

44.9 

60 

66S 

16 

29.2 

33 

66S 

61 

9.0 

16 

10.6 

84 

86S 

62 

80.0 

17 

64JZ 

36 

46.6 

18 

20J 

36 

6SS 

' TT^T-f  ■nr* 


TIm  Italian  wtnrkera  (6)  reported  recoveries 
of  96  to  101  percent  when  coi^sone  in  butand 
was  added  durinir  either  the  extraction  or  the 
drying  phase.  Reddy  et  al.  (4)  reported  re- 
oovories  ranging  fnmi  94  to  120  percent  when 
aqueous  cortisone  was  added  to  plasma  before 
preparing  the  protein-free  filtrate.  In  neither 
case  was  it  readily  apparent  at  exactly  which 
step  in  the  procedure  the  standard  solution  wls 
added. 

The  reason  for  the  low  recoveries  on  adding 
hydrocortisone  at  step  1 of  the  present  study 
was  not  dear.  The  loss  of  ssmthetie  cteroid, 
evidently  into  the  protein  ptwciidtate,  is  cur- 
rently under  investigation. 

PhyaWsgk  levds 

A series  of  62  male  subjects,  age  range  18  to 
22  years,  was  studied  at  8 ajn.,  using  the 
procedure  described  in  this  pafier.  A range  of 
9 to  82  gamma  pmeent  was  found  (table  VI), 


with  a mean  of  41.2  gamma  percent.  Reddy 
et  al.  (4)  ^rded  a range  of  28  to  78  gamma 
pti'cent,  with  a mean  of  46  gamma  percent,  in 
6 subjects  studied  at  8:30  a.m.  The  values  of 
Brancacdo  et  al.  (6)  on  59  subjects  varied  be- 
tween 12  and  66  gamma  percent,  with  a mean 
of  34  gamma  percent;  the  time  of  blood  col- 
lection was  not  recorded. 


SUMMARY 

A procedure  evolved  from  modifications  of 
existing  technics  for  the  estimation  of  total 
17-hydroxycorticoids  in  blood  has  been  de- 
scribed. Data  are  also  presented  on  the  i«eci- 
aion  of  the  method,  recoveries  of  added  hydro- 
cortisMie,  and  values  obtained  in  a series  of 
young  adult  males. 


to  M/8«t.  O.  O.  Chvto^ 
A/IC.  M.  Wtltiin.  A/tC.  D.  C.  SUtOM.  »a4  A/tC.  S.  H.  Salt. 
Jr.,  trr  IMr  todnhal  nifamu. 
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